Developments in oral rehydration for man and animals
A R Michell DSc MRCVS J R Soc Med 1997; 90:564-566 SECTION OF COMPARATIVE MEDICINE, 11 JUNE 1997 The most important life-saving advance of the twentieth century, according to the World Health Organization (WHO), was neither a vaccine nor an antibiotic but the development of oral rehydration therapy (ORT). It converted acute diarrhoea from a condition that was often fatal, unless intravenous rehydration could be given, to one in which the need for intravenous fluids virtually implies a failure of healthcare. In terms of cost effectiveness, oral rehydration is ahead of any other nomination by orders of magnitude.
The antecedents of ORT are ambiguous and include centuries of folk-remedies in various cultures. O'Shaughnessy in 1831-32, battling with the 'Asiatic' cholera, described not only the major life-threatening changes in plasma composition and, therefore, the therapeutic targets, but also how they could be corrected by oral or parenteral rehydration. While various workers over the next century gave rehydration formulations by mouth, the basis of therapy for lethal dehydration was regarded as an intravenous drip. Not until the 1 960s, with Phillips' discovery of the essential role of sodium-glucose cotransport in enteric water uptake, was there a rational basis for oral rehydration. During the next decade it became front-line therapy.
Like many front-line treatments it is now both taken for granted and widely misunderstood. Some still regard it as merely symptomatic, not appreciating that diarrhoea, though it has many contributory causes, is essentially a failure of intestinal sodium and water absorption which exceeds the capacity of the colon to compensate: the nub of the problem is to restore net absorptive flux. There is also a prevalent assumption that ORT has gone as far as it can go. A meeting at the Royal Society of Medicine on 1 1 June brought together paediatricians, gastroenterologists and veterinarians involved in the development of oral rehydration. The focus of attention was on children and calves.
Instructive differences of viewpoint emerged-some reflecting the species under treatment but others, more important, reflecting divergent approaches in human and veterinary medicine.
Describing the historical background, J A Walker Smith emphasized the importance of infant mortality due to diarrhoea as an index of social deprivation-a notion originally espoused by George Newman in the early 1 900s.
In the UK such deaths have declined since 1910, with a sharp fall since 1980. Key factors in avoiding childhood diarrhoea are good hygiene and breast feeding; why boys have a higher mortality than girls is unexplained. Despite scientific progress, diarrhoea remains a major global cause of death, and in the 1980s its impact in some countries was scarcely different from a century earlier. Reviewing the international picture, G C Cook remarked on the continuing causal importance, in developing countries, of measles and on the emergence of human immunodeficiency virus as an important cause of diarrhoea. The use of antibiotics for traveller's diarrhoea, he declared, is not only inappropriate in most instances but also a potential risk factor.
CONTROVERSIES
The remaining papers, by M J G Farthing and D C A Candy from human medicine and A R Michell, together with D H Grove-White and H W Brooks, from veterinary medicine, illustrated both differences of approach and common ground. The divergence centres on three issues.
Importance of metabolic acidosis
The prevalent view is that in human beings, given adequate rehydration, metabolic acidosis can be resolved by the kidneys. In calves it is clear that even mild dehydration has substantial impact on renal function and that acidosis is severe. Bicarbonate precursors are therefore essential constituents of oral rehydration solutions (ORSs) for calves, and solutions that lack them may produce rehydrated animals with profound acidosis. To administer the large quantities of intravenous bicarbonate necessary for their survival, veterinarians will often need an accurate picture of the base deficit. With the inexpensive Harleco apparatus this is perfectly feasible and highly cost effective. The device measures 'total C02' in whole blood using disposable cuvettes; it does not even require electricity and, for clinical purposes, is very precise. Total CO2 is a measure of blood bicarbonate and, therefore, quantifies the severity of metabolic acidosis. Could this approach be applicable to Centre for Small Animal Studies, Animal Health Trust, PO Box 5, Newmarket CB8 8JH, UK children in scattered third-world communities?
Faecal composition Particularly in temperate countries, the sodium content of faeces compared with plasma is low-hence an apparent rationale for hypotonic, or at least low-sodium, ORSs. This relates directly to the most vital divergence of view.
Low or high Na in ORSs?
Fear of hypernatraemia has driven a trend towards lower sodium concentrations in human ORSs than those originally advocated by WHO (about 90 mmol/L). In veterinary medicine the opposite trend has occurred, with very successful solutions as high as 120 mmol/L Na+. The original formulations had the theoretical attraction of being approximately isotonic and equimolar in sodium and glucose, enteric co-transport of which underlies the mode of action. It is not clear, however, that this ratio is optimal for every species, let alone that the same optimum exists in diarrhoea. Nor is it inevitable that isotonicity is required; indeed, in human beings many now favour hypotonic solutions, whereas in calves hypertonic solutions are employed. The reasons for these divergences are a mixture of species differences and fundamentally opposite viewpoints.
RESTORATION OF PLASMA VOLUME
It may be true that infants, and some other young mammals, are at risk of hypernatraemia due to enhanced water losses-e.g. from the skin and respiratory tract, especially when nursed in warm dry surroundings. It is also true that a potent cause of hypernatraemia in children is the administration of excessive glucose in ORSs; this draws water into the gut and increases osmotic loss of fluid. In calves, hypernatraemia is rare not because they lose more sodium in their faeces but, presumably, because their nonfaecal water loss is less. More important, the immediate cause of changes in plasma sodium concentration is a change in water balance, not sodium balance. That is because plasma sodium concentration is regulated through thirst, antidiuretic hormone (ADH) and the renal response to ADH.
The cause of hyponatraemia in diarrhoea is not the relative loss of sodium or water in faeces but the fact that thirst and ADH, once hypovolaemia is sufficiently severe, defend plasma volume rather than plasma sodium-i.e. there is preferential water retention. The answer lies in restoration of plasma volume. Every litre of plasma, like the rest of the extracellular fluid (ECF), requires 140 mmol of sodium to replace it. If a 70kg animal (with 14 L of ECF) has even a 5% loss of weight due to dehydration (so mild as to be clinically undetectable) this represents a sodium deficit 30 mmol/L Na+ (even assuming complete absorption) but a mere 3.3 L of one with 120 mmol/L. Since sodium is the osmotic skeleton of ECF, enabling water to remain there rather than being drawn into cells, it is the essential consideration in the repair of hypovolaemia. Hence, unlike the viewpoint of human paediatricians, the veterinary viewpoint emphasizes that the optimum formulation for an ORS depends on the concentrations that maximize sodium uptake rather than water uptake.
It may yet emerge that different types of ORS are appropriate to different causes of diarrhoea depending on the systemic effects and the region of the gut affected. Nevertheless the prevailing view is that the main issue determining outcome is solution composition, perhaps because an ORS is absorbed mainly via the remaining healthy gut.
FUTURE TRENDS
All these issues concern what may now be regarded as phase I in the development of fluid therapy-correction of fluid, electrolyte and acid-base disturbances. Phase II concerns avoidance of the energy deficits imposed by an ORS with a glucose content ideal for sodium co-transport but far below calorie requirement. In man this has been achieved mainly through continuation of breast feeding or via solutes that provide additional calories without 'osmotic penalty' (e.g. polysaccharides; or from rice water). In calves, however, glucose can be greatly increased without worsening diarrhoea or causing hypernatraemia. It is surprising that other species seem so different since the intestine of a starved diarrhoeic animal probably contains sodium ions that could be reabsorbed if glucose were available for cotransport.
Phases I and II of fluid therapy focus on the systemic needs of the patient; phase III addresses the additional needs of the intestine. HW Brooks emphasized the deleterious effects of starvation, including traditional ORT, on villus architecture. Earlier, G Grimble had reviewed the role of glutamine in the gut and other tissues and emphasized species differences in its importance, for example in minimizing villus loss during total parenteral nutrition. The key to its successful use in ORT for calf diarrhoea is its addition to a nutritional ORS rather than one that causes calorie deprivation. The outcome is then an ORS that combines the benefits of phase I and II solutions with additional favourable effects on the intestine and on renal function, including correction of acidosis. By sustaining the intestine, a phase III ORS should facilitate the transition back to a normal diet; moreover, because it does not impose starvation, it can be used for longer, if necessary. of some 400 mmol and requires over 13 L of an ORS with CONCLUSION The gut is an ecosystem; therapeutic approaches must restore the patient's ability to live with the enteric flora. In many instances, antibiotics will do little but encourage the further emergence of resistant strains while vaccines are more likely to change the causes of diarrhoea than to prevent it. There is still progress to be made with ORT for example, more efficient utilization, based on better understanding of the physiological factors promoting enteric sodium uptake. Different formula-tions may become more clearly appropriate to different types of diarrhoea, depending for example on the severity ofthe acidosis or the risk of hypoglycaemia. A key to progress is to assimilate the lesions of experience in different species. We must not uncritically extrapolate but nor should we reflexly assume that different viewpoints can be explained away by species difference. The essence of comparative medicine is the similarity between species and the lessons to be learned from the differences between them.
